INTRODUCTION {#sec1-1}
============

Nowadays, there are various materials used for the treatment of pulp capping. There are calcium hydroxide, zinc oxide eugenol, and resin-based materials. All of them have a high failure. Calcium hydroxide makes dentin bridge formation is not perfect and porous therefor, allowing the bacterial leakage at 50--87% of cases.\[[@ref1]\] After 83 days, the application of zinc oxide eugenol materials as much as 66.66% of the cases showed dentin bridge formation was not perfect with inflammation and necrosis.\[[@ref2]\] Resin-based materials cause chronic inflammation and unformed dentin bridge.\[[@ref1]\]

The using of calcium hydroxide has been a long time and ubiquitous in endodontic treatment since that material has ability to change the tissue-healing milieu. The successfulness of the applying of this material was reported by some researchers.\[[@ref3]\] However, some research that shows there was a lack of calcium hydroxide as pulp capping material such as form necrotic areas on the pulp tissue when there is a direct contact with the material.\[[@ref4]\]

Some researchers developed a material from the growth factors present in platelet-rich plasma (PRP) called a platelet-derived growth factor (PDGF), research results indicate that PDGF plays an important role in the process of connective tissue regeneration and odontoblast cells differentiation because those materials are part of the process of dentinogenesis and pulp tissue regeneration.\[[@ref5]\]

PRP is a natural source of autologous growth factors and contains many growth factors such as PDGF, transforming growth factor-beta, vascular endothelial growth factor, insulin growth factor, and epidermal growth factor.\[[@ref6]\] PRP may accelerate healing in maxillofacial and periodontal surgery in the case of maxillofacial reconstruction, implants, and bone graft.\[[@ref7]\] PRP in the treatment of patients with damage of the infrabony pocket, the result shows the process of new bone formation faster on the patients using PRP treatment.\[[@ref6]\]

Initial formation of reparative dentin is a new odontoblast-like cells characterized by expression of nestin below the exposed pulp. Nestin is intermediate filament protein expressed on the process of tooth development and expressed back in the dentin-pulp complex in conditions of caries after cavity preparation and tooth replantation. Nestin is a marker of the function and differentiation of odontoblast.\[[@ref8]\] It is related to the ability secretion of dentin matrix.\[[@ref2]\]

MATERIALS AND METHODS {#sec1-2}
=====================

Ethical clearance standardized by The Medical Research Ethics Committee of Health University of Gadjah Mada was implemented in this study. Subjects were 30 teeth, divided into two groups consisting of 15 teeth as a treated group (PRP) and 15 teeth as a control group (Ca\[OH\]~2~). Each group is divided by the observed period on the 1^st^, 7^th^, and 21^st^ days. The criteria of this study are tooth of Sprague-Dawley that are 250--300 g and 3--4 months.

The preparation of PRP was made in the Laboratory of Clinical Pathology, Faculty of Medicine, Gadjah Mada University, Yogyakarta, by gradient centrifugation.\[[@ref6]\] Before PRP applied as a pulp capping material, by same volume of 10% calcium chloride in sterile saline and 100 U/ml sterile bovine thrombin. This mixture of PRP gel is sticky, so it is relatively easy to apply.\[[@ref9]\]

Before the preparation, animals are anesthetized using chloral hydrate 8% at a dose of 350 mg/kg body weight. Molar teeth of the upper right and left experimental animals are prepared on the occlusal surface using a round bur no. 10 with a diameter of 1 mm and a depth of 1--1.2 mm to get closer to the pulp and then the animal performed with the sonde until the pulp was open/perforation.

The decapitation process was on 1^st^, 7^th^, and 21^st^ days. The animals were anesthetized with ether and cervical dislocation done. Teeth samples extracted and fixed by 10% buffered formalin for 24 h. Then, they are performed decalcification with formic acid for 1 week. After that, they were planted in paraffin and then cut longitudinally with a thickness of 4 μm and stained by immunohistochemistry.

The data were statistically analyzed using Kruskal--Wallis test (SPSS 10.0 software, SPSS, Chicago, IL, USA) to find out whether there were significant differences between the nestin expression in the control and the treatment groups, based on histological grading criteria of nestin expression below \[[Figure 1](#F1){ref-type="fig"}\]:\[[@ref8]\]

Score 0: There is nestin expression in all of the place in the exposed pulp tissue (directly below the lesion as well as the coronal and apical)Score 1: There is an expression of nestin cells just directly below the pulp opened/exposedScore 2: There is an expression of nestin cells is not directly below (among away from) the pulp opened (among coronal or just apical)Score 3: There is no expression of nestin cells immunopositive.

![Microscopic picture of nestin expression by IHC staining (×200) on days 1^st^ and 21^st^ after direct pulp capping with Ca(OH)~2~. (a) Application of Ca(OH)~2~ day 1^st^, nestin positive (arrows), score 2. (b) Application of platelet-rich plasma day 21^st^, nestin positive (arrows), score 2. (c) Application of Ca(OH)~2~ day 1^st^, score 3. (d) Application of platelet-rich plasma day 21^st^, score 3](EJD-10-341-g001){#F1}

RESULTS {#sec1-3}
=======

Nestin expression differences treated group (PRP) and a control group of inflammatory response (Ca\[OH\]~2~), determined by Kruskal--Wallis statistical test. The difference of nestin expression in the PRP group to Ca(OH)~2~ conducted Mann--Whitney U statistical tests. Mann--Whitney U-test result indicates *P* \> 0.05 so that nestin expression on days 1^st^, 7^th^, and 21^st^ between the application of Ca(OH)~2~ and PRP was no significant difference.

Kruskal--Wallis statistical test results show that there are significant differences (*P* \< 0.05) on the expression of nestin in the provision of PRP as a direct pulp capping on days 1^st^, 7^th^, and 21^st^, but based on Mann--Whitney U-test was significant differences, the scores shown in nestin expression far away from the lesion is not positively expressed under the lesion.

The results of statistical tests Kruskal--Wallis nestin expression in the application of Ca(OH)~2~ 1^st^, 7^th^, and 21^st^ days did not have a significant difference (*P* \> 0.05), and no significant difference in the expression of nestin (*P* \< 0.05) on the application of PRP as a pulp capping on 1^st^, 7^th^, and 21^st^ days in a place away from the lesion. It was not a significant difference (*P* \> 0.05) on the expression of nestin in the provision of Ca(OH)~2~ after 1^st^, 7^th^, and 21^st^ days \[[Table 1](#T1){ref-type="table"}\]. The results of Mann--Whitney U statistical test to examine the expression of nestin comparison between the two groups of Ca(OH)~2~ and PRP showed a nonsignificant difference (*P* \> 0.05).

###### 

Score nestin expression in an exposed pulp after direct pulp capping with calcium hydroxide and platelet-rich plasma in each decapitation period

![](EJD-10-341-g002)

DISCUSSION {#sec1-4}
==========

Some researchers thought that PRP has a positive effect on the healing process.\[[@ref10]\] PRPs response of injury has advantage because of having a jump cascade properties/shortcut in the repairing tissue process.\[[@ref11]\] There are different injury response in mechanism between Ca(OH)~2~ and PRP as pulp capping. Calcium hydroxide as pulp capping material can be response to injury because it has alkaline properties that produce a favorable environment for alkaline phosphatase enzymes that play a role in the process of tooth mineralization.\[[@ref12]\] Calcium ions can reduce fluid and from the bloodstream can increase the concentration of intracellular calcium ions in the affected lesion. This condition allows the availability of calcium ions required for the mineralization process and stimulates calcium-dependent pyrophosphatase enzyme that can lower the amount of mineralization inhibitory phosphatase ions, thus stimulate the calcification.

PRP stimulates healing mechanism in the exposed pulp tissue through the same approach in stimulating the formation of new bone in the treatment of periodontal defects and maxillofacial surgery.\[[@ref13]\] PRP has mitogenic effects that affect proliferation and differentiation odontoblast.\[[@ref10]\] Several growth factors and their receptors can be detected in the levels of mRNA and protein for growing teeth.\[[@ref13]\] Therefore, the growth factor has an important role in the proliferation and differentiation of odontoblast cells.

The ability of growth factors to enhance the process of dentinogenesis, in particular the formation of reparative dentin so far unclear. The administration of exogenous growth factors in exposed dentin have potential in the process of reparative dentin formation signaling,\[[@ref14]\] and the synergistic interaction between the two types of growth factors are needed to induce proliferation and differentiation cells.\[[@ref15]\] Some of the growth factors contained in PRP.\[[@ref6]\]

Other pulp capping material gives different effect such Biodentine, mineral trioxide aggregate Angelus, and Dycal can act as antibacterial agent.\[[@ref16]\] Ethylenediaminetetraacetic acid has an effect on hardness of radicular dentin.\[[@ref17]\]

CONCLUSION {#sec1-5}
==========

It can be concluded that calcium hydroxide (Ca(OH)~2~) and PRP as a pulp capping have no increased expression of nestin just under an open lesion on the pulp. PRP as a direct pulp capping has an influence on the expression of nestin in a place away from the lesion.
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